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The only work on the effect of adrenalin on the fish heart is by Macdonald (1925) who perfused the heart of the dog-fish, Scyllium, with a solution of adrenalin and obtained a preliminary inhibition of rate with a subsequent increase in amplitude and sometimes acceleration.
The work reported in the present paper was undertaken for several reasons. First, Macdonald's results do not fall readily into line with the well-known effects of adrenalin and of stimulation of the sympathetic nervous system on the heart of other vertebrates.
Second, the sympathomimetic effect of adrenalin has some exceptions, notably in the case of the pulmonary circulation in the frog (Luckhardt and Carlson, 1921) and the sweat glands (Langley, 1921) . Third, adrenalin has an accelerating effect on the heart of certain invertebrates (Hogben and Hobson, 1924; Rain, 1929) where no sympathetic innervation has been described. Fourth, there is some evidence that when means are taken to lower the threshold of the parasympathetic or paralyze the sympathetic supply to the heart, adrenalin causes inhibition which is released by atropine (Amsler, 1920; Kolm and Pick, 1921; and Heinecamp, 1926) . The work of these authors suggests that the site of action of adrenalin depends upon the threshold balance of the parasympathetic and the sympathetic nerves. Fifth, elasmobranch fishes have a well-developed chromaphil system, extracts of which give characteristic adrenalin effects (Lutz and Wyman, 1927) . If adrenalin is sympatho-mimetic, or acts only on sympathetic endings, one might expect an altered effect on the elasmobranch heart, which probably is not supplied with accelerator nerves (Bottazxi, 1902; MUller and Liljestrand, 1918; Lutz, 1930a) . In this heart there is a well developed parasympathetic supply without an equally balancing sympathetic innervation. Reasoning by analogy the product of the chromaphil tissue might c 136 BRENTON R. LUTZ be expected to produce an effect similar to the sympathetic if it were present, that is, acceleration of the heart. However, if the site of action of adrenalin depends on the relative parasympathetic-sympathetic threshold, inhibition might be expected unless it is obscured by a direct effect on the heart muscle.
MATERIALS AND METHOD.
The elasmobranch fishes used were three species of skate, namely, Raia erinacea, R. diaphanes, and R. scabrata, and the dogfish Squalus acanthias. An isolated sinus-auricle preparation was used in order to avoid possible disturbing effectsof auriculo-ventricular block and reversal of the beat, both of which occur easily when the elasmobranch heart is perfused and the record taken from the ventricle.
The auricle was suspended in an immersion fluid by two small hooks and two threads; Sinus-auricle preparation. Adrenalin chloride added at X to make 1 in 12,500.
Time in 5 second intervals. Fig. 2 . Squalus acanthias. Sinus-auricle preparation. Adrenalin chloride added at X to make 1 in 50,000.
one attached to an L-shaped rod below and the other to a counterbalanced writing lever above. The composition of the immersion fluid was based on the analysis of elasmobranch blood made by Dr. Homer W. Smith at this station. Each liter contained sodium chloride, 16.38 grams; potassium chloride, 0.596 gram; calcium chloride, 0.555 gram; sodium bicarbonate, 0.168 gram; and urea, 21.6 grams. The pH was 7.5. Adrenalin chloride (Parke, Davis & Company) was added directly to the fluid (30-40 cc.) by means of a pipette. This was mixed gently but thoroughly without disturbing the preparation mechanically. Inasmuch as adrenalin chloride contains slightly less than 0.5 per cent chloretone, it was considered necessary to control with equivalent doses of 0.5 per cent chloretone solution. The amount of adrenalin used did not lower the pH more than 0. 4, and Macdonald (1925) has shown that such large variations from pH 7.0 had little effect on the elasmobranch heart.
RESULTS.
The typical effect of adrenalin chloride on the auricle was a temporary slowing or even a complete inhibition, and a decrease in amplitude followed by recovery of both rate and amplitude, the latter sometimes becoming greater than before. In one case there was an increase in rate during the recovery period over the original. Adrenalin chloride added to the immersion fluid t$o make solutions of 1 in 50,000 to 1 in 25,000 gave the most nearly typical results. A concentration of 1 in 100,000 was generally ineffective or caused only a temporary increase in amplitude in very vigorous preparations, but sometimes such a dose gave a typical but less marked response. Sometimes 1 in 25,000 caused only a progressive decrease in amplitude and rate without recovery. In one very vigorous preparation, however, 1 in 25,000 caused only an increase in amplitude.
Chloretone in the amount present in adrenalin chloride solutions of 1 in 25,000 to 1 in 50,000 (chloretone 1 in 5,000 to 1 in 10,000) was usually ineffective. In some cases, however, a dose of chloretone equivalent to that in 1 in 25,000 adrenalin chloride (chloretone 1 in 5,000) caused a moderate progressive slowing of the rate with little or no effect on the amplitude. With larger doses there was a marked decrease in both rate and amplitude without recovery.
DISCUSSION.
It is apparent that the results reported above on the effect of adrenalin chloride on a sinus-auricle preparation confirm, in general, those reported by Macdonald (1925) on the effect of the "soloid" product and of epinine on the whole perfused heart. Inhibition of rate with recovery is typical, and frequently a decrease in amplitude followed by an increase occurs. The amplitude component is not constant, however.
Concentrations of adrenalin chloride lower than 1 in 100,000 were never effective, which is at variance with the very weak effective concentration (1 in 5,000,OOO) reported by Macdonald (1925) for the "soloid" product. Possibly the chloretone in the adrenalin chloride reduced the apparent sensitiveness of the preparation.
Since both inhibition of rate and decreased amplitude of auricular beat (Bayliss and Starling, 1892) are typical vagus effects, the writer is inclined to interpret the effect of adrenalin on the elasmobranch heart to mean that adrenalin acts, in this case, on t,he parasympathetic endings, especially since Bottazzi (1902), Miiller and Liljestrand (1918) , and the writer (1930a) have been unable to demonstrate the presence of accelerator fibers by direct physiological means. The presence of a well developed chromaphil system in elasmobranchs is difficult to account for on the basis of the recognized functions of adrenalin in the higher vertebrates.
Reinforcement of the sympathetic system and temperature control seem especially not to be involved.
Inasmuch as adrenalin has a vago-mimetic effect on the heart of these fishes, one may infer tlhat this hormone does not take the place of a poorly developed A sort of inhibitory emergency function of the chromaphil system, however, may be correlated with what might be considered to be the usual reflex emergency response, namely, reflex inhibition of the heart and sometimes of respiration, caused by any unusual sensory st,imulation at the gills, skin, or viscera.
Schoenlein and Willem (1894) first pointed out the ease with which cardiac inhibition could be obtained from the pharyngeal cavity of the elasmobranchs, Scyllium and Torpedo. Lyon (1926) working on sand sharks (Carcharias) noted that a great variety of stimuli applied externally or to certain viscera caused inhibition of the heart, and Lutz (1930b) found that stimulation of the lateral line nerve, pericardial wall, ventricle of the heart, and certain abdominal viscera of Scyllium bring about reflex inhibition of the heart through the vagus. Emergency inhibition would serve to decrease absorption of toxic substances by the gills or, in case of injury especially to the gill vessels so directly connected with the heart, to prevent excessive bleeding from blood vessels probable lacking a vaso-constrictor innervation.
Since inactivity is one type of primitive protective reaction, the inhibitory response to adrenalin may be an example of this reaction in an emergency apparatus which in higher vertebrates with an elaborate sympathetic system has more aggressive characteristics. SUMMARY 1. Adrenalin chloride, 1 in 50,000 to 1 in 25,000 produced slowing or temporary complete inhibition of the beat of an isolated sinus-auricle preparation made from the heart of the elasmobranch fish.
2. The amplitude of beat may also decrease but both rate and amplitude recover, the latter frequently becoming tempora*rily greater than the original.
3. Chloretone in quantities equivalent to the amount present in adrenalin chloride of the concentrations used to produce typical effects was ineffective.
4. The inhibitory effect of adrenalin on the elasmobranch auricle is interpreted as the response of an unbalanced parasympathetic mechanism in a heart which lacks a sympathetic accelerator innervation.
5. An inhibitory emergency theory is suggested. 
